The following items have been investigated in this study: (1) comparison of the hydrogenation reactivity of the recycled solvents derived from Illinois No. 6, Battle River, and Wandoan coals, obtained from a 1t/day PDU; (2) characteristics changes of the solvents during storage and the influence of catalytic activities on hydrogenation; (3) a comparision of catalyst performance on hydrogenation between newly developed and commercial catalysts, based on the result of storage stability test. Results indicated that the hydrotreating test of recycled solvents can be sufficiently performed at milder conditions using the newly developed catalyst.
Further, since it was found that plugging was the primary cause of catalyst deactivation, varying the catalyst pore size was studied. The catalyst life was improved by enlarging the size of pore.
Introduction
The features of the new coal liquefaction process (NEDOL process) under development by the New Energy and Industrial Technology Development Organization (NEDO) are to produce solvents containing high amounts of donatable hydrogen by hydrogenating middle distillates of coal derived oils, and to recycle the solvent to the liquefaction stage as a hydrogen donor solvent.
The authors will report on the following items, resulting from systematic studies of a series of hydrotreating tests for recycled solvents1),2).
(1) Comparison of the hydrogenation reactivity of recycled solvents derived from Illinois No. 6, Battle River, and Wandoan coals using a 1t/day Process Development Unit (PDU).
(2) Characteristics changes of the solvents during storage and the influence of catalytic activities on hydrogenation. and aromaticities (fa), lower hydrogen to carbon atomic ratios, and higher nitrogen contents, than solvent W. Solvents I and B also contained smaller amounts of n-paraffin.
Thus, solvents I and B are heavier than solvent W. From the distributions of the type of aromatic compounds in solvents I and B, shown in Fig. 2 , a higher concentration of three-and/or four-ring type compounds, fluorenes and biphenyls, can be observed.
Since the liquefaction processes of these three coals were operated under the same conditions, the differences in the three solvents are probably due to the inherent differences among coal types.
2.2.
Catalyst and Reaction Conditions The hydrotreating tests were performed using a fixed-bed reactor with a catalyst capacity of 200ml3).
The catalyst used was a commercial The changes in reaction rate conhydrogen pressure of 100kg/cm2-G (Eq. (1)), on hydrogenation as a function of time-on-stream are shown in Fig. 3 .
where, f0: aromaticity of feed solvent and f: aromaticity of hydrotreated oil. There is no appreciable difference in hydrogenation reactivity over Catalyst-A between solvents I and B, at lower level than solvent W. The reaction rate constants for hydrogenation were 0.24, 0.14 and 0.14h-1 for solvents W, I and B, respectively, at a reaction time of 400h. The differences in the reactivity of these solvents may be due to the differences in their physical properties and chemical compositions. Table  2 Changes of Properties in Solvents during Storage a) Stored in a SUS drum, sealed with dried nitrogen gas at room temperature after withdrawning from a 1t/day PDU. b) Residual fraction obtained by filtration according to SHFT method (50 to 100g of sample however, some sludge was still clearly present, as observed by optical microscope. The presence of sludge in the solvent had a significant effect on hydrogenation reactivity and catalyst life, as described in a later section.
However, after mild-hydrotreating, most of the toluene insolubles, sludge-like component, and iron were removed. No sludge was observed by optical microscope.
3.2.3.
Influence of Qualitative Changes of Solvent on Catalyst Activities A hydrotreating test was conducted to compare the changes in the catalytic activities on hydrogenation of the above solvents, pretreated solvents (solvent I-22F and I-22H), and a non-pretreated one (solvent I-22), under the following conditions: On the other hand, the hydrotreated solvent I-22 (solvent I-22H) showed similar activity to fresh solvent I for It is hardly conceivable that this amount of iron would effect to the active species, molybdenum and nickel, as catalyst poisoner, since the content of molybdenum and nickel the fresh catalyst is 12 and 2.5wt%, respectively. The distributions of aluminum, deposited carbon, sulfur, and iron in the cross section of the catalyst particle were determined by Electron Probe Micro-Analysis (EPMA). Representative spectra are shown in Fig. 5 . The carbon and sulfur peaks indicate their approximate homogeneous deposition in the catalyst particles.
On the other hand, the distribution pattern of iron indicates that much of it was deposited near the outer surface.
Upon considering both the amount and the distribution profile of iron deposition, the authors concluded that pore mouth plugging was not caused by the iron content.
Considering the distribution of the deposited elements on the used catalyst, however, it was difficult to elucidate the differences in the behavior of catalytic activities among the different feed solvents shown in Fig. 4 .
The hydrotreating test was investigated using less than that of the fresh catalyst for solvent I.
regeneration, UC-1 gave level of activity similar to that of the fresh catalyst.
Poisoning materials were apparently removed during the heating process.
We presumed that when the sludge-like component is deposited on the outer surface of the catalyst, it plugs the month of catalyst pore, deactivating the catalyst.
The schematic model of these phenomena are shown in Fig. 6 The results of hydrogenation for the three catalysts are shown in Fig. 7 . CH-62-06 showed similar performance to that of Catalyst-A.
CH-62-03 attained a higher performance and a higher level of reactivity than Catalyst-A and CH-62-06.
Using catalyst life than that for Catalyst-A. Since it was found that catalyst pore mouth plugging was the primary cause in the catalyst deactivation, the varying the size of catalyst pore was studied. The catalyst life was improved by enlarging the size of pore.
